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or hypoxic conditions [3]. Mutations have been introduced into yeast
mitochondrial DNA to target residues in hydrophilic regions of Cox1.
In addition, a series of mutants was constructed in which speciﬁc
Cox5 isoforms were expressed or in which residues of Cox5A were
mutated to match those in 5B. The ability of all mutant strains to
assemble a stable CcO and grow on respiratory medium was assessed
and their O2-consumption rates were measured. Selected CcOs with
mutations in the D and H channels were puriﬁed to investigate their
effects on CcO functioning. Mutation of D channel residues E243D and
I67N allowed the deﬁnitive assignment of E243 as the essential
protonated carboxyl group that appears in CO photolysis [4] and
redox FTIR difference spectra of mitochondrial forms of CcO. Effects of
mutations in the H channel and in Cox5 are discussed in terms of the
role of the H channel and the potential of supernumerary subunit
isoforms to inﬂuence catalysis.
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Cox7a1 is one of two isoforms of subunit 7a in cytochrome c
oxidase (COX), which is the terminal respiratory chain enzyme in
mammals. This protein is predominantly expressed in tissues with
high aerobic capacity and a large number of mitochondria such as
heart and skeletal muscle. Cox7a1 protein expression is also present
in brown adipose tissue (BAT) — a specialized tissue, providing
adaptive non-shivering heat production in order to maintain
normothermia in mammals exposed to low environmental temper-
atures. Importantly, thermogenesis in BAT is mediated by an
increased COX activity and elevated levels of uncoupling protein 1
(UCP1), resulting in a shift from coupled towards uncoupled proton
translocation in mitochondria. In a previous study we have shown
that Cox7a1 protein levels in BAT are strongly increased in cold-
exposed (4 °C) mice compared to room-temperature (20–22 °C)
acclimated animals [1]. For this reason, we hypothesize that Cox7a1
replaces Cox7a2 in BAT to serve as more active isoform of COX-
subunit 7a, thereby increasing COX activity and BAT thermogenic
capacity at low ambient temperatures. To study this phenomenon, we
employ Cox7a1 knockout mice.
In our study, we compare BAT function in wildtypes and
knockouts that were either housed at 5 °C (cold-exposed) for variable
periods (4–15 days) or constantly kept at room-temperature (control
group). Cox7a1 and Cox7a2 mRNA were detected in wildtypes of all
groups. Cold-exposed wildtypes exhibit an increased Cox7a1 to
Cox7a2 ratio (N1), indicating BAT to be one of the major sites of
Cox7a1 expression. Although cold-exposure leads to elevated COX
activity in BAT as expected, differences in the oxygen consumption of
complex IV between wildtypes and Cox7a1 knockouts were not
detected within the groups. Since measurement of COX activity was
so far performed in tissue homogenates, thus measuring the oxygen
consumption of solubilized complex IV, upcoming experiments will
predominantly focus on BAT function and activity in vivo in wildtypes
and knockouts.
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Protein ﬁlm voltammetry has been established as a very
convenient method for studying electrochemical and catalytic
properties of redox enzymes [1]. It is a real challenge, however, to
immobilize on the surface of electrodes a large amount of integral
membrane proteins and to establish a good electronic communica-
tion with the enzyme cofactors while maintaining a suitable
environment for these large complex structures.
We are using 3D gold nanoparticle networks as the conductive
support of immobilization for membrane proteins and fragments [2].
The gold nanoparticles, indeed, have been shown to mediate the
long-range electron transfer between the electrode and the cofactors
and their high surface to volume ratio allows at the same time a high
coverage of the electrode with proteins [3].
We will report the electrochemical analysis under aerobic and
anaerobic conditions of cytochrome ba3 from Thermus thermophilus
[4] immobilized on gold nanoparticles. The inﬂuence of the pH will be
discussed. The structure of the immobilized membrane proteins will
be carefully monitored by Surface-Enhanced vibrational spectros-
copies, both IR (SEIRAS) and Raman (SERRS). The studies will be
completed by FTIR difference spectroscopy to show the inﬂuence of
the heme propionates in the pH dependence.
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